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Abstract: Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial lung disease of
unknown cause. Approximately 5,000 people are diagnosed with IPF in the UK every year.
People with IPF suffer significant morbidity and, without any curative treatment at present,
survival rates remain poor with a median survival of 3 years. While treatment remains largely
supportive, many drug therapies have been trialed in IPF over the years. Pirfenidone and nin-
tedanib are newly licensed treatments for IPF and the first drugs to have shown convincing
evidence of slowing disease progression. In addition to evaluating clinical evidence, we also
discuss elements affecting drug choice from the viewpoint of patients and health care profession-
als. We discuss pharmacological and nonpharmacological aspects of providing best supportive
care for patients with IPF. However, few good quality studies exist focusing on controlling
symptoms specifically in patients with IPF, and recommendations are often extrapolated from
evidence in other chronic diseases. In covering these topics, we hope to provide readers with
a comprehensive review of the available evidence pertaining to all aspects of care for patients
suffering with IPF.

Keywords: interstitial lung disease, high-resolution computed tomography, forced vital capacity,
usual interstitial pneumonia, clinical trials, decision making, idiopathic pulmonary fibrosis

Introduction

Idiopathic pulmonary fibrosis (IPF) is characterized by chronic progressive scarring of
the gas-exchanging interstitial tissue of the lung. Despite extensive research into the
pathogenesis and treatment of IPF, 5-year survival is less than 45%.! In this review,
we describe the drugs used in the treatment of IPF and how patients and clinicians
make decisions about commencing therapy.

Incidence and pathophysiology

IPF is a specific form of chronic and progressive interstitial lung disease (ILD) that
primarily affects older adults. Its incidence increases with age, with presentation
typically occurring in the sixth and seventh decades. Patients with IPF aged younger
than 50 years are rare.’

Over the years, the terminology used to describe the various types of ILD has
caused confusion. Nomenclature has altered several times, making reliable epidemi-
ology of IPF difficult. The incidence of IPF in the UK has been investigated using
death certificates® and general practice data.! However, these data may also include
patients with similar diseases such as nonspecific interstitial pneumonia, since the
particular data sets used did not include such specific subclassifications. Data from the
Office for National Statistics included “post inflammatory fibrosis,” while data from
The Health Improvement Network database included cryptogenic fibrosing alveolitis
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and diffuse pulmonary fibrosis.'* With these limitations in
mind, it has been suggested that there are more than 5,000
new patients diagnosed with IPF each year in the UK.? Over-
all, the incidence of IPF is estimated to be between 4.6 per
100,000 person-years' and 7.44 per 100,000 person-years.?
The rate is higher in men than in women. IPF is a fatal dis-
ease, though its progression is highly variable. Three- and
five-year survival rates are 57% and 43%, respectively, and
the median survival time is less than 4 years.!

The pathophysiology of IPF is thought to begin with an
inciting risk factor, which subsequently triggers a proin-
flammatory and profibrotic response involving the alveolar
epithelial cells.* Various cell types have been implicated,
including epithelial cells, fibroblasts, myofibroblasts, alveolar
macrophages, and endothelial cells. It is unclear why dys-
regulation of normal tissue repair occurs, but there is also
evidence to suggest that there may be failed cellular regen-
eration, mediated by shortened telomere length.> Abnormal
mucin production may be involved in the development of
fibrosis, either through impairing host defense systems or
disrupting normal alveolar repair mechanisms.® Eventually,
excessive extracellular matrix is deposited in the lungs,
which distorts the normal delicate architecture and disrupts
function (Figure 1). This lung injury and scarring lead to a
decline in the lung function and culminates in respiratory
failure and death.’

Diagnosis

The diagnosis of IPF is typically based on the combination
of clinical features and typical high-resolution computed
tomography (HRCT) appearances,® following the exclusion
of known causes of ILD. These causes include connective

tissue diseases, drug toxicity, and environmental exposures.>
Patients classically present with worsening chronic exertional
dyspnea and cough. On chest auscultation, they have bibasal
end-inspiratory crackles and they may be hypoxemic. The
presence of these clinical features and a pattern of usual
interstitial pneumonia (UIP) on HRCT (Figure 2) is now
considered sufficiently characteristic to confidently diag-
nose IPF, and therefore obviate the need for surgical lung
biopsy.” A UIP pattern, as seen on HRCT, consists of the
following four features: honeycombing, reticular abnormal-
ity, subpleural and basal predominance, and an absence of
features inconsistent with a UIP pattern. Features inconsis-
tent with UIP include upper- or mid-lung predominance,
peribronchovascular predominance, extensive ground-glass
abnormality, profuse micronodules, discrete cysts, diffuse
mosaic attenuation or air trapping, and consolidation in
bronchopulmonary segments or lobes.> The radiological
pattern of UIP is also seen in rheumatoid arthritis-related
ILD, chronic hypersensitivity pneumonitis, asbestosis, and
amiodarone toxicity;'” hence, there is the need to exclude
these conditions before proceeding further.

If HRCT scanning is not characteristic of UIP, it may be
necessary to proceed to biopsy and histological evaluation.
However, it is important to remember that the majority of
patients diagnosed with IPF are elderly and may not be fit
enough for such an invasive investigation. This diagnostic
difficulty has implications for organizing clinical trials into
IPF and its potential treatments.

Monitoring
Patients diagnosed with IPF should have pulmonary function
testing and a six-minute walk (6MWD) test performed

[

Figure | Histology of a video-assisted thoracic surgical lung biopsy showing a
fibroblastic focus (black arrow), areas of fibrosis (F), intra-alveolar macrophages
(M), chronic inflammatory cells (white arrow), and residual alveolar spaces (A).

Figure 2 High-resolution CT scan of the chest showing features of UIP, including
peripheral reticulation (open arrows) and honeycombing (closed arrow).
Abbreviations: CT, computed tomography; UIP, usual interstitial pneumonia.
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at baseline. It has been shown that a decline in forced vital
capacity (FVC) of >5%—-10% over 6 months or 12 months
is a poor prognostic factor,!! so this should be measured
in order to identify patients at increased risk of mortality.
Similarly, the 6 MWD can also be used for prognostication,
as a shorter walk distance and a fall in oxygen saturation
with exercise have been associated with an increased risk
of subsequent mortality.'?

Management

The overall management of IPF is complex, and the practice
has varied greatly over the years. We will discuss the evidence
for drug therapies associated with IPF, including the current
guidelines and best practice, those treatments that have been
used in the past but are no longer recommended, as well as
aspects of palliative care and what the future may hold.

Drug treatment

Many drugs have been studied for the treatment of IPF, and
evidence both for and against their use has altered over the
years. There are currently no curative treatments for patients
with IPF, but there have been some recent advances in terms
of disease-modifying drugs.

Here, we will refer to the current recommendations
from the National Institute for Health and Care Excellence
(NICE)," the joint American Thoracic Society (ATS)/
European Respiratory Society (ERS)/Japanese Respiratory
Society (JRS)/Latin American Thoracic Association (ALAT)
guidelines,>'* and the US Food and Drug Administration.'®

Pirfenidone
Pirfenidone is a pyridone derivative and is licensed for
the treatment of IPF in Europe and North America. The
mechanism of action of pirfenidone is not fully understood,
but it is thought to suppress fibroblast proliferation, reducing
the production and activity of fibrosis-associated proteins and
cytokines, including the key profibrotic cytokine transform-
ing growth factor-f3.'°

Two clinical trials, CAPACITY 004 and CAPACITY
006, were carried out to investigate the benefits of oral
pirfenidone in IPF!7 across 110 centers in Australia, Europe,
and North America. Patients were aged between 40 and
80 years, with measured FVC =50% predicted and diffusion
capacity for carbon monoxide [DLco] =35%. Patients were
randomized to receive pirfenidone or placebo and were fol-
lowed up for a minimum of 72 weeks. The primary endpoint
was change in percent predicted FVC at week 72. However,
the primary outcomes were different between the individual

studies, with CAPACITY 004 favoring the treatment arm
(FVC -8.0% vs —12.4%), while CAPACITY 006 showed
no statistically significant change in percent predicted FVC.
The trial group went on to do a preplanned pooled analysis
of the patients in both trials that suggested an overall benefit
from pirfenidone treatment.

There was no statistically significant difference in the
risk of death between the treatment and placebo groups.
Patients in the treatment arm had a higher incidence of
nausea, dyspepsia, vomiting, rashes, and dizziness than the
placebo group.'” A common side effect was photosensitivity
(Figure 3), which was a reason for discontinuation in some
patients. It is now recommended that patients taking pirfeni-
done should avoid sun exposure, wear protective clothing,
and use sunblock with high UVA and UVB protection.'®

Inthe CAPACITY studies, 15% of patients discontinued
treatment due to side effects.!” Although this may seem high,
it has been shown that between 4% and 26% of patients
discontinue placebos due to perceived adverse events.!® The
level of adverse effects reported for pirfenidone is therefore
not unusual in the context of a trial. Most of the patients
who completed the CAPACITY trials were enrolled into
an open-label extension study (RECAP) to evaluate the
long-term safety of pirfenidone.?’ An interim analysis was
published, reviewing data from enrollment in September
2008 until August 2013. The median duration of treatment
was 163 weeks, with 99% of patients reporting at least one
treatment-emergent adverse event. In more than one-third
of patients, these included dyspnea, cough, or bronchitis,
as well as upper respiratory symptoms of infection or
nasopharyngitis. In total, 33% of patients also experienced
nausea, with just less than one-third complaining of fatigue
and dizziness. Rash and photosensitivity were less of a

Figure 3 Photosensitive rash affecting light-exposed areas in a patient taking
pirfenidone for 3 months during the winter in the North of England.
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problem in RECAP? (16% and 9%) than in the CAPACITY
trials'” (32% and 12%), although 45% of patients went on
to discontinue treatment due to treatment-emergent adverse
events. The most common cause for this was progression of
IPF. Published reports of “real-life” experience with pirfeni-
done suggest that it is well tolerated.?"-*?

Because of the discrepancy between the primary out-
comes in the two CAPACITY trials, a further randomized
controlled trial (ASCEND) was designed.”* ASCEND was
performed in a similar manner to the CAPACITY trials,
but diagnosis, spirometry, and decisions regarding deaths
were centralized. There were also differences in eligibility
criteria aimed at recruiting patients who were at higher risk
of disease progression.

Patients were recruited from 127 centers across nine
countries if they met the following criteria: age between
40 and 80 years, diagnosis of UIP on HRCT or surgical
lung biopsy, FVC 50%—90%, DLco 30%—90% predicted,
FEV /FVC >80%, and 6MWD of >150 m. The primary
endpoint of the study was a change in the percent predicted
FVC at the end of 52 weeks. Those who were eligible
were randomized to receive oral pirfenidone or placebo for
1 year. A total of 555 people were enrolled and assigned to
placebo or pirfenidone in a 1:1 ratio. The groups were well
matched, and 94.1% went on to complete the study. In total,
46 patients in the pirfenidone arm and 88 in the placebo arm
had a decline in FVC of 10% or more, equating to a reduc-
tion of 47.9% with treatment. A total of 63 patients taking
pirfenidone showed no decline in the percent predicted FVC
compared to 27 receiving placebo. The mean decline in FVC
was 235 mL in the pirfenidone group compared to 428 mL
in the placebo group. These results also translated into fewer
patients showing deterioration in their 6MWD of 50 m or
more at the end of the 52-week period. All of these results
had statistical significance.

All-cause mortality was lower in the pirfenidone group,
but not by a statistically significant amount. None of the
secondary outcomes appeared to translate into a symptomatic
benefit for patients, with no statistically significant difference
in their Shortness of Breath Questionnaire scores.

NICE has released guidelines for the use of pirfeni-
done based on its evaluation of the trial data and costing
information.* It recommends that, as pirfenidone has been
trialed only in patients with IPF, it is important to have
an accurate diagnosis prior to commencing treatment.
NICE has recommended that only patients with IPF and
FVC of 50%—80% predicted should be eligible to receive
pirfenidone. Lung function should be monitored and

treatment discontinued if the FVC continues to fall by >10%
in 12 months. It is important to counsel patients that pirfeni-
done is not a cure for their condition and is instead aimed
at slowing the decline in lung function, although even this
result cannot be guaranteed. As such, the provision of
symptomatic and supportive care is essential in this group
of patients.

Nintedanib

Nintedanib is an intracellular inhibitor of multiple receptor-
associated tyrosine kinases, including receptors for vascular
endothelial growth factor and platelet-derived growth factor
(PDGF).” 1t is believed that these pathways play roles in
the development of pulmonary fibrosis, as high plasma con-
centrations of vascular endothelial growth factor have been
found in patients with the disease.? Fibrotic lung tissue from
patients with IPF has also been found to express PDGF, and
this is thought to be an important contributing factor in the
pathophysiology of pulmonary fibrosis through abnormal
fibroblast proliferation and collagen production.?”’
INPULSIS-1 and 2 were two Phase III clinical trials of
oral nintedanib treatment for IPF. The study design for both
was the same, and these were international, multicenter, ran-
domized, double-blind, placebo-controlled trials.?> Patients
were monitored over a 52-week period, and the primary
endpoint for both trials was the annual rate of decline in
FVC. Inclusion criteria included FVC =50% predicted
and DLco 30%—79% predicted. Patients included in the
INPULSIS studies had a mean FVC of ~80% predicted,
indicating rather milder disease compared with subjects
receiving pirfenidone in the CAPACITY and ASCEND
trials. In all, >1,000 patients underwent randomization,
with 515 in INPULSIS-1 and 551 in INPULSIS-2. This was
well over the sample size calculated to be able to detect a
difference of 100 mL in the annual decline in FVC. Patients
were randomized on a 1:2 ratio of placebo to nintedanib.
Discontinuation rates were slightly higher in the treatment
arm in INPULSIS-1 (25.2% vs 17.6%), but INPULSIS-2 had
similar discontinuation rates in each arm (23.7% nintedanib
vs 20.1% placebo). The most common reason for discontinu-
ation was an adverse event. Patients who had received at least
one dose of trial drug were reviewed over the full 52 weeks,
though some were lost to follow-up. Both trials demonstrated
a smaller change in FVC in the treatment group compared
to placebo (INPULSIS-1, —114.7 mL/year for nintedanib
vs —239.9 mL/year for placebo and INPULSIS-2, —113.6 mL/
year for nintedanib vs —207.3 mL/year for placebo). These
were statistically significant differences in both studies.
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A preplanned pooled analysis revealed a between-group
difference of —109.9 mL/year change in FVC.

In INPULSIS-1, there was no difference in time to first
acute exacerbation and St George’s Respiratory Question-
naire score. INPULSIS-2 showed slight improvements,
which were statistically significant, in both of these secondary
endpoints.

The most frequent adverse event in the nintedanib group
within both trials was diarrhea. However, it only led to
discontinuation in 14 patients receiving the drug (4.5%).
In both trials, the patients within the nintedanib arm had a
higher incidence of derangement of hepatic enzymes, more
specifically a rise in aspartate aminotransferase, alanine ami-
notransferase, or both. It is unclear if this led to a discontinu-
ation in treatment and whether that then led to a subsequent
improvement in enzyme levels. There was a <2% incidence
of cardiac events, but five patients in each nintedanib group
had a myocardial infarction compared to one in each placebo
group. Deaths were reported from the pooled analysis rather
than the individual trials, with no statistically significant
between-group differences for all-cause mortality or death
from a respiratory cause.

As with pirfenidone, it is essential patients understand
that treatment is not curative but aimed at slowing disease
progression, and therefore, supportive measures should not
be neglected. There are no trials directly comparing pirfeni-
done with nintedanib. While both had similar recruitment
criteria with regard to disease severity, progression was
measured by slightly different methods, but it is likely that
they are similarly efficacious.

NICE is currently in the process of evaluating nintedanib
for use in IPF. The drug will be compared against both pir-
fenidone and best supportive care in terms of the following
outcome measures: function parameters, physical function,
exacerbation rate, progression-free survival, mortality,
adverse effects of treatment, and health-related quality of
life. In a consultation document, NICE suggested imposing
a similar restriction to pirfenidone in terms of lung function,
namely, FVC 50%-80% predicted.

After initially declining an application for the use of pir-
fenidone in IPF in 2010, in October 2014 the US Food and
Drug Administration approved both pirfenidone (trade name
Esbriet) and nintedanib (Ofev) for the treatment of IPF."S The
agency found that, after three clinical trials of each drug,
both were safe and significantly slowed the decline in FVC.
Both nintedanib and pirfenidone have received conditional
recommendations for their use in a recent update to the IPF
international clinical practice guideline.'*

Decision making: pirfenidone or
nintedanib or supportive care

alone?

In the UK, it is likely that both drugs will be offered to
patients with IPF and that the final decision will be based on
contraindications and patient choice when faced with the dif-
ferent side effect profiles. Another factor that may be impor-
tant for some patients to consider is dosing — pirfenidone
is titrated to a dose of three capsules taken three times a
day, whereas nintedanib is taken as one capsule twice a
day. It is important to note that patients taking full-dose
anticoagulant therapy or high-dose antiplatelet therapy were
excluded from the INPULSIS trials.>® The recommenda-
tion is that nintedanib should be used cautiously in patients
taking anticoagulant therapy, and this may therefore restrict
its use.?® As the mechanisms of action for these drugs are
thought to be different, there may be an option to use both
pirfenidone and nintedanib together in patients with IPF in
the future, in the hope that they will have an additive effect
or work synergistically. This is an area for further research.
It is also important to consider the high costs of these drugs.
According to the Scottish Medicines Consortium,” even
through a scheme that improves cost-effectiveness, treatment
with either nintedanib or pirfenidone will cost £26,100 per
patient per year.

There have been no studies looking specifically at patient
decision making in the context of treatment options in IPF.
The majority of research looking at patient choice with
regard to picking between therapies is based on patients with
malignant disease. Thompson et al suggest that patients are
more likely to take part in choosing between two equally
effective drugs, which “differ only in lifestyle or side effect
implications,” if they think they have the relevant exper-
tise.’*® However, according to Haynes et al, patients may
have either no views or unshakable views on their treatment
options, depending on factors such as “personal values and
experiences, degree of aversion to risk (...), family, willing-
ness to take medicines” and the accuracy of the information
they have been given.’! Chewning and Sleath wrote that a
patient’s condition can affect how involved they are in making
decisions about their health, with some suggesting that they
“prefer their health care provider to take a stronger role in
decision-making as their condition worsens.”? A study based
in primary care found that the main barrier to patients being
involved in decisions about their medications was that their
beliefs were not taken seriously, which made it difficult for
general practitioners and patients to reach an agreement on
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which treatment to implement.** As this study was carried out
in 2000 and there has been a greater focus on communication
skills both in medical schools and during postgraduate medical
training in recent years, this may be a lesser issue now.

From another perspective, Schwartz et al looked at what
motivates clinicians when they prescribe, other than cost, effi-
cacy and alternative drugs.** The authors found that clinicians
most frequently explained their suboptimal prescribing by
attributing it to patient demand, utilizing the placebo effect,
or relying on their own clinical experience. However, since
evidence-based medicine emerged in the early 1990s, there
has been much more of an emphasis on informing clinical
decisions with research and guidelines.

There is an increasing move toward focusing on quality
of life outcomes for patients with chronic illness, and the
same should be true when considering treatment approaches
and goals. Chewning and Sleath suggest that asking for a

9. <.

patient’s “priorities and treatment goals could alter both the
regimen selection and evaluation of subsequent regimen
outcomes,”™? and we feel this is particularly pertinent to
therapy selection in IPF.

It has been suggested that evidence-based tools, such as
patient decision aids, could facilitate shared decision making
between doctors and patients. According to National Health

Service England, patient decision aids are:

Designed to help patients understand and consider the pros
and cons of possible treatment options and to encourage
communication between them and their health care

professionals.?

They should feature information that is evidence based
and may contain images or diagrams. A systematic review
looking at helping patients with treatment choices by using
decision aids found that, although they improved knowledge
and encouraged patients to be more involved in decision
making, they had little effect on satisfaction and a variable
effect on decisions. Effects on quality of life were uncertain.*
Unfortunately, none of the studies in this review involved
decisions regarding IPF treatment.

A review of discussion forums about IPF at Patient
UK., one of the most popular online medical information
and support web sites, suggests that patients who are tak-
ing pirfenidone are experiencing either no or minimal side
effects and they are encouraging other users to try the drug
as they have noticed a benefit. Clearly, this does not account
for the placebo effect. The specific benefits that forum users
discussed were that they felt their exercise tolerance had
stopped declining and their cough had either improved or
resolved. The side effects that were mentioned were tiredness

and feeling anywhere from slightly to moderately hungover.
Forum users also discussed the need for wearing high-factor
sunblock and either staying inside when the sun is brightest
or covering up when going outdoors to minimize the risk of
photosensitivity, though none of them had experienced this
side effect. One of the commenters discussed that, at the age
of 70, they do not feel ready to start pirfenidone yet, as “this
will mean for me I have to give up all alcohol and wear sun
block 50 every day.” Some patients also mentioned that they
would be commencing treatment with nintedanib, but none
had actually started the therapy yet.

Drugs that should not be used for

treatment of IPF

The following drugs have a strong recommendation against
their use in IPF according to the most recent ATS/ERS/JRS/
ALAT guidelines.'*

Anticoagulation

There is evidence that in IPF, there is a procoagulant state
both systemically and in the lung tissue, and this led to
investigations into the potential benefits of anticoagulation.
Studies have focused on anticoagulation with vitamin K
antagonists and low molecular-weight heparins.

Kubo et al reported an unblinded, randomized trial com-
paring warfarin plus prednisolone vs prednisolone alone.*
A total of 56 patients were prospectively recruited from five
different Japanese hospitals over a 3-year period. In all, 60%
of patients were readmitted to hospital during their follow-up
period. Those in the anticoagulation arm were switched to low
molecular-weight heparins while in hospital. Steroids were
discontinued in those admitted with heart failure or bacterial
infection, while those admitted with an acute exacerbation of
IPF were given high-dose methylprednisolone. The results
seemed to support the use of dual therapy with patients in
the anticoagulation arm having fewer exacerbations (48% vs
64%) and better survival rates at both 1 year (58% vs 87%)
and 3 years (35% vs 63%). However, the exacerbation and
mortality rates in the patients treated with prednisolone were
very high and are difficult to explain. A larger randomized,
controlled trial was subsequently carried out comparing
warfarin against placebo.?® The trial was discontinued before
the planned 48-week study period was complete due to safety
concerns. The mean follow-up at this stage was 28 weeks
with the results showing an increased mortality within the
warfarin arm (relative risk 4.73; 95% confidence interval
1.42-15.77), with no statistically significant difference in FVC
or its rate of decline. For this reason, treatment with warfarin
for disease-modifying purposes is not recommended in IPF.
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Anticoagulation for alternative indications such as atrial fibril-
lation or venous thrombotic events should follow treatment
guidelines independent of underlying IPF,!* especially as the
option exists for using the newer direct oral anticoagulants.
None of these agents has so far specifically been studied for
use in IPF, but the role of coagulation, as well as the profibrotic
effect of platelets, is being actively investigated.*

Imatinib

Imatinib is an inhibitor of PDGF, which has been impli-
cated in the pathogenesis of IPF.?” It was initially studied
for use in chronic myeloid leukemia and was approved as a
treatment for this in the UK in 2001. As such, safety data were
already available, and a randomized, double-blind, placebo-
controlled trial was carried out to know its potential benefits
in [PF.*! The primary outcome was a combined measure of
disease progression or death. There was no benefit in either
of these at completion of the trial after 96 weeks, hence the
recommendation against its use.

Ambrisentan

Increased activity of endothelin A and B receptors has been
found in fibrotic lungs.*> Ambrisentan is a selective type A
endothelin receptor blocker. The ARTEMIS-IPF trial was
a randomized, controlled study comparing ambrisentan
with placebo.® The primary endpoint was time-to-disease
progression, defined as death from any cause, hospital-
ization due to respiratory illness, or deterioration in the
lung function as per prespecified criteria. The study was
terminated early, as analysis indicated that the probability
of meeting the primary endpoint was <5%. Analysis of
the acquired data revealed that more patients in the treat-
ment arm showed disease progression as well as a higher
number of serious adverse events. As such, its use is not
recommended.

Prednisolone/azathioprine/N-acetylcysteine

The 2005 IFIGENIA trial proposed that N-acetylcysteine
(NAC), in combination with prednisolone and azathioprine,
was beneficial in IPF compared with prednisolone and aza-
thioprine alone.** The results of the trial suggested that this
triple therapy preserved FVC and DLco and was superior
to standard therapy. However, there had been a substantial
number of treatment changes, withdrawals and deaths during
the trial, and there was no placebo group.

PANTHER-IPF was a landmark study evaluating this
previously popular combination of drugs (“triple therapy”).*
It was a multicenter, randomized trial evaluating the three-
drug regimen against NAC alone, as compared with matched

placebos for each of the active therapies. The triple therapy
arm was discontinued early due to an excess number of
deaths, hospitalizations, and serious adverse events in the
combination group. For this reason, clinicians should avoid
this combination of drugs in IPF.

The other arms of the trial were allowed to continue, and
the results were published in 2014.% Approximately one-
quarter of patients in the NAC vs placebo arms discontinued
the study medication. The primary endpoint was change in
FVC at 60 weeks, and there was no statistically significant
difference between the two groups. There was also no sig-
nificant difference between the rates of acute exacerbations,
hospitalization, or death. Adverse events were similar in both
groups, with the only major differences occurring in cardiac
disorders (6.8% NAC vs 1.8% placebo) and gastrointestinal
disorders (0% NAC vs 4.6% placebo).

A randomized, controlled trial was carried out in Japan
with a smaller number of patients comparing inhaled
NAC with a control. There was no statistical difference in
the primary outcome of change in FVC between the two
groups.*’

The most recent ATS/ERS/JRS/ALAT guidelines do
not recommend the use of NAC, but as there are no data
suggesting harm, they make no strong recommendations to
discontinue treatment in those who are already taking it.'

Similarly, despite the findings of the PANTHER-IPF
trial,* there is no strong recommendation to stop this com-
bination in patients who have been safely taking it already.'
However, it is important that patients are made aware of this
evidence and given the option of whether to continue the
treatment or not.

Drugs with a conditional recommendation

against use

The following treatments have a conditional recommendation
against their use in the treatment of IPF according to the most
recent ATS/ERS/JRS/ALAT guidelines. '

Sildenafil

Sildenafil is a phosphodiesterase-5 inhibitor, commonly
used in the treatment of pulmonary hypertension. It has been
studied for use in the treatment of IPF in two randomized,
controlled trials.*®** The larger of the two trials included
180 patients, but only randomized them to sildenafil or
placebo for a period of 12 weeks, at which point all patients
continued on sildenafil for a further 12 weeks.* The primary
endpoint was >20% improvement in 6MWD after the first
12 weeks. There was no statistically significant difference
between the two groups. There was also no difference in
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serious adverse events, but those who received sildenafil
reported improvement in shortness of breath and quality of
life. There were also benefits in DLco and arterial oxygen
saturations initially, but ultimately, this was not statistically
significant. A subgroup analysis of 119 patients who had
documented echocardiogram data found that those with
right ventricular systolic dysfunction showed a statistically
significant improvement in their 6MWD, but not in other
secondary outcomes.

The smaller study also compared sildenafil to placebo,
but only included 29 patients who had more mild disease.*’
They were followed up for a longer 6-month period. Those
with known pulmonary hypertension or right ventricular
systolic dysfunction were excluded. There was no statistically
significant difference in 6 MWD, breathlessness, pulmonary
function testing, or arterial oxygen saturation. There were
more adverse events in the treatment group, but none of them
were considered serious. The NICE guidelines consider the
data in these trials to be of low quality."

Bosentan and macitentan
Both drugs are dual endothelin receptor antagonists acting on
type A and B receptors. Two randomized, controlled trials
have been conducted comparing bosentan to placebo.’*!
BUILD-1 was a multicenter trial that recruited 158 patients
and followed them up for a period of 12 months.*® Of note
is the fact that patients with pulmonary hypertension were
excluded, which is important because of the well-documented
benefits of bosentan in treating idiopathic pulmonary arterial
hypertension. The primary endpoint was a change in 6 MWD,
which revealed that there was no statistically significant
difference between the groups. The authors felt that there
was a tendency to improvement in disease progression in
the treatment arm, despite the lack of any significant differ-
ence, and that further investigation into the use of bosentan
was warranted. This was particularly true in the subgroup
of patients in whom the diagnosis had been confirmed
on surgical lung biopsy. BUILD-3 was a larger study
with >600 participants,’' all of whom had biopsy-proven
IPF in view of the subgroup analysis of BUILD-1. Patients
were randomized on a 2:1 ratio, and therefore, ~400 received
bosentan and the rest placebo. The primary endpoint was time
to IPF worsening, and there was no statistically significant
difference in this outcome between the two groups nor were
there any statistically significant differences in the secondary
outcomes of dyspnea and quality of life.

MUSIC was a randomized trial comparing macitentan
with placebo.*? In total, 178 patients were recruited, assigned
on a 2:1 ratio, and followed-up for 12 months. The primary

endpoint was change in FVC, and again no statistically sig-
nificant difference was observed between the groups.

Best supportive care

The control of symptoms is an important part of IPF
management and includes both pharmacological and
nonpharmacological methods. The NICE IPF guideline'
includes a review of the evidence for various methods used to
palliate symptoms. The authors identified studies about pal-
liation of breathlessness, using oxygen therapy and managing
cough. It is important to consider referral to multidisciplinary
palliative care services when advancing IPF is identified, as
disease progression is unpredictable. An assessment tool is
being developed to aid clinicians in identifying the palliative
care needs of patients with ILD.>

Breathlessness

There are no pharmacological studies aimed specifically at
treating breathlessness in IPF. Opioids are the most common
drug class used palliatively. The majority of studies have
been aimed at either chronic obstructive pulmonary disease
(COPD) or lung cancer, with positive results. Currow et al
studied the benefit of low-dose morphine in patients with
chronic lung disease, of which ten had ILD.** They found
that most patients benefited from treatment with 10 mg of
sustained-release oral morphine once daily, without expe-
riencing any serious adverse events. There are limitations
in that this was only a pharmacovigilance trial, with small
sample size and no placebo control or other comparator.

Concerns into respiratory depression secondary to opioid
use have led to further evaluations of safety. A 2014 review
of the evidence found three randomized, placebo-controlled
trials and five prospective studies.” In total, six trials showed
opioids significantly benefited breathlessness. There was no
evidence to suggest that they affected oxygen saturations or
caused carbon dioxide retention at the low doses which were
being used for symptomatic relief.

More recently, a team in the Netherlands investigated the
potential benefits of physical training in patients with IPF.%
They also included patients with sarcoidosis-related fibro-
sis who were reaching the end stages of the disease. It was
hypothesized that the two conditions might follow the same
natural history. The study had a very small sample size of 24
patients. All partook in a 12-week physical training program
with promising results: 13 participants had an improvement
in 6 MWD of >10%. NICE has included pulmonary rehabili-
tation as one of its quality standards for improving the care
of patients with IPF.’” The authors suggest that this should
include “education, exercise training, psychosocial support,
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and advice on nutrition,” with the aim that these would
“contribute to improved health-related quality of life and
exercise capacity.” The evidence for pulmonary rehabilitation
in IPF is predominantly extrapolated from research into its
use in the context of COPD, where it has been found to be
of benefit.*

Oxygen

There is very limited evidence looking into the use of oxygen
in IPF for either palliative or prognostic benefits. In 2001,
Crockett et al carried out a retrospective search for evidence
on the use of oxygen in ILD, though not specifically IPF,
and found only one randomized, controlled trial that was
unpublished.*® A total of 62 patients were followed up, and
there was no statistically significant difference in mortality
between the group that received oxygen and the control
group, with both having mortality rates of ~91% at 3 years.
Obi et al looked into the effects of oxygen on patients with
various advanced lung diseases.®® Within this relatively
small study, 22 patients had IPF. The measured outcome was
6MWD, which showed a mean change of +19.17 m.

The British Thoracic Society guidelines for home
oxygen®! suggest the use of long-term oxygen therapy
(LTOT) in patients with ILD. Although the quality of sup-
porting evidence is poor, the authors recommend LTOT
for patients with ILD who have a resting PaO, =7.3 kPa,
or =8 kPa and peripheral edema, polycythemia, or features
of pulmonary hypertension. The guidelines also cover
nocturnal oxygen therapy, and the authors advise that this
should not be given to patients with ILD with only nocturnal
hypoxemia, who do not fulfill the LTOT criteria. This is
based on evidence showing that, although nocturnal oxygen
therapy may improve nocturnal hypoxemia, tachycardia,
and tachypnea, it does not have a positive impact on sleep
quality. If patients are on LTOT and mobile outdoors, the
guidelines suggest that they could be offered ambulatory
oxygen therapy. Similarly, patients should be offered ambula-
tory oxygen therapy for use during exercise in a pulmonary
rehabilitation program only if they have demonstrated an
improvement in exercise endurance. However, a study by
Nishiyama et al showed that there was no additional benefit
from oxygen over air in terms of exertional dyspnea for
patients with IPF who did not have resting hypoxemia.®
Similarly, there have been several studies, which have failed
to demonstrate a symptomatic benefit from palliative oxygen
over air in patients with breathlessness,* even in those with
hypoxemia,® which corrected with administration of oxy-
gen. However, these studies may be less applicable in the
IPF population, as the patients involved were suffering from

malignant disease. The British Thoracic Society guidelines®!
suggest that patients with end-stage ILD and severe breath-
lessness could be considered for palliative oxygen therapy,
though the authors would not recommend this in those who
are nonhypoxemic or have mild levels of hypoxemia. The
guidelines also recommend a handheld fan, which has been
shown to result in a significant reduction in breathlessness
after only 5 minutes of use when directed across the nose
and mouth.®

Cough

Many different theories on the pathogenesis of cough in IPF
have been pursued, and its treatment remains problematic.
In addition, patients with IPF tend to be in the age group
where comorbidities will add to diagnostic and therapeutic
difficulties. Harrison reviewed the data available and found
limited evidence regarding the successful treatment of cough
in IPF.% This is consistent with the literature review carried
out by the authors of the NICE guidelines."

There are three studies investigating the use of thalido-
mide: two observational and one randomized, controlled.
All three of these had low patient numbers. The randomized
trial ran over a 12-week period and was placebo controlled,
with a short washout period before treatment cross-over.*’
The primary endpoint was quality of life, measured using
a questionnaire. There was a statistically significant
improvement in scores with thalidomide. NICE guidelines
recommend that, if thalidomide is being considered in the
management of cough, this decision should only be made by
respiratory physicians who specialize in ILD, as its provision
would be unlicensed.” A small study in 2003 suggested that
high-dose prednisolone might cause a reduction in cough
sensitivity in patients with IPF,® though this would require
further research prior to being recommended as a treatment.
Cough in patients with IPF, as in other respiratory diseases,
could well be the result of cough hypersensitivity syndrome®
or gastroesophageal reflux disease (GORD).”

Gastroesophageal reflux disease

Studies have shown that patients with IPF have a very high
incidence of acid and nonacid reflux when compared to
controls.” Despite 24-hour pH monitoring and esophageal
manometry revealing that 87% of a cohort of patients in an
extended prospective study had abnormal acid reflux, only
half of the subjects reported symptoms typically associated
with GORD.” There is also a suggestion that GORD may
play a role in the pathogenesis and progression of IPF.”
This requires further research, but in the meantime, it is
recommended that all patients with symptoms of GORD
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should be treated with proton-pump inhibitor therapy.™ It is
our practice to look for clinical evidence of reflux as a cause
of cough in patients with IPF and to offer trials of antireflux
treatment if appropriate.

Conclusion

We have discussed the pathophysiology and diagnosis of IPF,
the various drug treatments that are currently used to treat the
disease as well as those which were used previously but are
no longer recommended, the importance of concurrent best
supportive care, and some of the aspects of how patients and
doctors make treatment decisions. It is important for clini-
cians to be aware of the different treatments available for the
management of IPF and the factors that may influence how
patients choose between them.
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